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HIGH ENERGY X-RAY OBSERVATIONS OF CYG X-3 FROM OSO-8: 

FURTHER EVIDENCE OF A 34.1 DAY PERIOD? 

F. Dolan, C. J. Crannell, B. R. Dennis 
K. J. Frost and L. E. Orwig 

ABSTRACT 

The X-ray source Cyg X-3 (=4U2030+40) was observed with the high energy X-ray spec- 
trometer on OSO-8 for two weeks in 1975 and in 1976 and for one week in 1977. No change in 
spectral shape an 1 intensity above 23 keV was observed from year to year. No correlation is 
observed betv en the source’s intensity and the phase of the 34.1-day period discovered by 
Molteni et al. (1980). The pulsed fraction of the 4.8-hou: ught curve between 23 and 73 keV 
varies from week to week, however, and the magnitude of the pulsed fraction appears to be 
correlated with the 34.1-day phase. No immediate explanation of this behavior is apparent in 
terms of previously proposed models of the source. 
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HIGH ENERGY X-RAY OBSERVATIONS OF CYG X-3 FROM OSO-8: 
FURTHER EVIDENCE OF A 34.1 DAY PERIOD? 


INTRODUCTION 

Although Cygnus X-3 was one of the earliest celestial X-ray sources discovered (Giacconi et al., 
1967), formulating a consistent model of its observed behavior remains an unsolved challenge in 
modern X-ray astronomy. The source has beer. d;:iected at wavelengths ranging from gamma-ray 
(Gal’ner et al., 1973; Lamb ct al., 1977) to radio (Gregory et al., 1972). Its flaring behavior makes 
it at times one of the strongest radio sources in the sky. It is at a distance of 10 kpc or more, based 
on 21 cm absorption lines in its radio spectrum (Lacque et al., 1972; Chu and Bieging, 1973). No 
optical counterpart has been identified because of the heavy obscuration over a 10 kpc path length 
in the direction 6 = 80°, b = +1°. An infrared counterpart, stellar in appearance, has been observed 
at 20*'30"’38*,+40°47'13" (Becklin et al., 1972). 

The 2-6 keV flux from Cyg X-3 exhibits a strong modulation with a period of 4.8 hours 
(Parsignault et al., 1972), and this modulation has been detected at higher X-ray (Pietsch et al., 

1976), gamma ray (Lambert et al., 1977; but cf. Bennett et al., 1977) and infrared energies (Becklin 
et ai., 1973). The 4.8-hour modulation is not detected at radio wavelengths, however (Becklin et al., 
1974). The intensify modulation appears to be in phase at all wavelengths where it is detected 
(Mason et al., 1976; Lamb ei al., 1977). Models of the source usually attribute the 4.8-hour 
periodicity to orbital motion of a compact star about a companion (see, for example, Basko et al, 
1974). 

Molteni et al (1980) observed an intensity modulation in the 2-12 keV flux from Cyg X-3 
with period 34. 1 ± 0. 1 days. They also reported the presence of a Doppler effect in the 4.8-hour 
modulation “consistent with an orbital motion of period 34.1 days” and an eccentricity of 0.6 ± 0.3. 
In the model of the source suggested by Molteni et al., this 34.1-day period is the orbital peiiod of 
the system, which modulates the X-ray flux of the system by increasing the accretion rate onto a 
compact secondary near periastron. The 4.8-hour period would then be interpreted as either the 
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rotational or processional period of the compact secondary. Confirming the existence of this 34.1- 
day period is of obvious imimrtance in determiniiii* the physical conditions existing in the source. 
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OBS^•RVATIO^ S 

The high energy X-ray spectrometer on board OSO-8 observed Cyg X-3 for several weeks during 
November and l>eeend>er in the years l‘)75. I‘)7b and 197 /, !‘lie actual dales >f ‘.'.bserx'ations arc 
listed in fable f A complete de.scription of the instrument and its operating environmejit is given 
by Dennis et al. ( 1977), fhe counting rate with background subtracted observed from Cyg .X-.^ in 
the keV energy range during these observations is shown in figure I as a function of the 
pha.se of tlie .M. 1-day period calculated from the epliemens of Molteni et al ( 19S0) fhe increa.se 
m nu\ by a facli>i of three aiouiul the time ol zero phase observed by Moltcm cl al. bciween 
2-1 2 ke\' m .lime 1977 and Novell, ber 197S is not observer! by us between 2.^ and S.) keV. 

I’hoto'i number spectra of Cyg X-.t were ilerived from our irbservations using the matrix 
inversion tecliniquc described by Dolan el al. fl977) A si'eclrum typical of llu>sc observed is 
illustialed in figure 2, We observed no significant differences in the spectrum of Cyg from 
week to week or year to year, Because ol the limitations imposed by counting-rate statistics, we 
must derive spectra by summing observations made over several days, fhe photon number spectra 
we rrbserveil cr>uUl be acceptably represented ai ove 2.) keV either by a power law, 

^ - Clf/f^J'^’' photons cm~' s“* keV“' . (1) 

or by a thermal brem.sstrahhing spectrum. 

— ^ ^ exp l~ll‘-l'^)/k f 1 photons cm~‘ s~* keV“*. C2) 

where f is the photon energy in keV, Individual values of the parametric representations for each 
spectrum are listed in fable 1, fhe uncertainties given represent the t>8 percent confidence interval 
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+ 2.3) calculated by the method of Lampton et al. (1976), and may be taken to represent the 
one standard deviation uncertainties. The normali/ation enei^y, 1-^^, was chosen to circularize the 
contours of equal X" in parameter space, indicating the independence of the two parameters in that 
space, riie spectrum of I'yg X-3 above 30 keV is consistent with that observed by Ulmer et al. 
(1974) in July 1972, Ulmer(l975) in I'ebruary |973, Pietsch et al. (1976) in I’ebruary 1975. 
Meegan. I'ishman and llaymes (1979) and Keppin et al. (1979) in October 1977. 

The 23-73 keV flux from Cyg X-3 was analyzed for the 4.8-hour modulation by folding the 
data into five equally sized phase bins modulo the period given by Parsignault et al. (1976). p = 

0. 1 9968 1 4d. Because of the extreme stability of the period over a duration of years (P/P < 7 
X 10"^ yr'* ; Mason and Sanford, 1979). the same period was us*‘d at all epochs of observation. 

In tl'v ephemeris of Parsignault et al. (1976), zero phase is the time of .X-ray minimum and occurs 
at = Jl) 244 0949,91 76. I’he resulting light curve was analyzed for pulsation by fitting a 
sinusoidal function. 


Sj - a^, + a, cos |2jr(0j - 6)1 (3) 

where Sj is the flux in counts s“* keV“* in phase bin i, a^, is the average flux during the observation, 
a| is the amplitude of the sinusoidal modulation, is the central phase of bin i, and 6 is the phase 
of i.ia.vimum of the fitted sinusoid, l ire pulsed fraction is then calculated as 

\\ = a, /a^, (4) 

The one standard deviation errors assigned to our estimate of pj.- are calculated, using the method 
of Lampton et al. (1976). as those values of p^ given liy the values of a| for which x* in- 
creases from tl. !* of the vest sinusoidal fit by 1.00. a| is considered the only free parameter in 
calculating the assigned errors, a^, is determined from the data and 6 must be within one bin width, 
or 0 20 in phase .of the ephemeris value for the pulsation to be accepted as reliably detected. I’wo 
standard deviation upper limits are those values of P|.- for which the value of X" increases from that 
of the best sinusoidal fit by 4.00. 
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As cun be seen by inspection of Table II, the 4.8-hour pulsed fraction appears to vary from 
week to week. A test rejects the hyimthesis of a non-varying pulsed fraction at the 2.4 o level 
of significance. Typical light curves obtained for times of higli and low pulsed fraction are shown 
in I'igure 3. The phase of minimum of the fitted sinusoidal light curve (Hq. (3)) agrees with that 
predicted by the ephemeris of Parsignault et al. (197^) in those ca.ses for which a non-zero pulsed 
fraction is reliably detected. For the other three cases, not only is the pulsed fraction not significant 
at the 2 u level, but the phase of minimum of the fitted sinusoid is al.so in disagreement with the 
adopted epliemeris. Because the phase of minimum of tiv' fitted sinusoidal light curve is determined 
by the data, but agrees with tlie ephemeris phase of X-ray minimum wlien the 4.8-hour modulation 
appears pre.sent. our observations seem able to delect the 4.8-hour modulation al levels of pid.sed 
fraction previously delected by others at .»wer energies. The light curve of Figure 3(a). obtained 
when the 4.8-hour modulation was detected, is also typical of C'yg X-3. with a single -'ulse per 
period having a quasi-sinusojdal shape with a steeper decline than rise. We interpret these results as 
indicating that the 4.8-hour modulation of the 23-73 keV Ilux of C'yg X-3 has a pulsed fraction 
which varies on a time scale of tens of days, 

I’he magnitude of the pulsed fraction we observe shows no cormlation with intensity in either 
the 23-73 keV or 23-33 keV band. All of our positive detections of 4.8-hour pulsed fiux between 
23 and 73 keV, however, occur between 34.1-day phases 0.3 and 0.8, while no pulsed fiux is deteeted 
between 34. l-ilay phases 0.9 and 0.2. This behavior is exhibited by the source in observations taken 
during three separate years. If the high energy pulsed flux from C'yg X-3 continually behaves in this 
manner, it is further evidence that the 34. 1 -day period is real. 

I'here are three other published measurements of the pulsed fraction of C'yg X-3 above 20 keV 
of which we are aware. Pietsch el al. (I‘)7(>) measured the 32-(>4 keV pulsed fraction with a 
balloon-borne detector. The observation occurred at 34.1-day phase 0.21, in the transition /one of 
our observational coverage ('». veen the phases for which we do not see a jndsed flux, and those for 
which we do. Pietsch et al. found P|,- = 0.37 (+0.31. -0.29), where the quoted errors are derived 
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from a + I ) calculation. Ulmer et al. (1974), using OSO-7, observed the 4.8-hour modulation 
between 21 and 98 keV over 34. 1 -day phases 0.90 to 0.05. They quote a pulsed fraction consistent 
with /.ero, with an upper limit corresponding to Pp < 0.4. interestingly, the 6-2 1 keV llux observed 
simultaneously did e.xhibit a detectable pulsed fraction Pp = 0.52 ± 0. 16. Ulmer et al. note that 
“the pulse became undetectable just above 20 keV." Ulmer ( 1 975) analyzed OSO-7 data obtained 
between 34.1-day phases 0.43 and 0.50 and derived Pp <0.6.* between 22 and 100 keV. The 
7-22 keV llux observed simultaneously had Pp = 0.36 ± 0.16. All of these observations thus appear 
consistent with the correlation which we observe between the pulsed fraction and the 34. 1 -day 
phase, although they provide no independent evidence for the pulsed fraction dropping to 
unobwrvable values around 34. 1 -day phase zero. 

I'rom t ie measurements of ”p reported by Leach et al. (|975) at lower energies, the 2-10 keV 
pidsed flux exhibits no such correlation with 34. 1 -day phase. The 4.8 hour modulation is always 
present in the 2-10 keV tlux between 34.1-day phases 0.80 and 0.20; Leach et al. report values of 
Pp during this phase interval which range between (0.28 ± 0.02) and (0.47 ± 0.03). 

DISCUSSION 

No immediate explanation of the observed variation of the pulsed fraction of the 23-73 keV 
llux with 34. 1 -day phase is apparent in terms of previously proposed models of Cyg X-3. If the 
34. l-day period is the orbital period of a binary (Molteni et al,, 1980), then the 4.8-hour period 
may be the rotational period of a compact secondary near which the X-rays are generated (Syunyaev. 
197P) or the precession period of a rapidly rotating neutron star secondary, as in the model, e.g., of 
Treves ( 1 973). Neither pos.sibility offers a simple method of maintaining the 4.8-hour modulation 
observed at lower X-ray energies at all phases of the 34.1-day binary period while simultaneously 
suppressing it near periastron at higher X-ray energies. If. conversely, we identify the 4.8-hour 
modulation as the orbital period of a binary system (Pringle. 1974; Davidsen and Ostriker. 1974; 
Milgrom, 1976; Fabian et al., 1972), the 34.1-day period can then be ascribed to the apsidal motion 
of the binary orbit (Milgrom and Pines. 1978). Quite apart from the difficulties this scheme has in 
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exphiining the 34 day intensity inodniation observed at lower energies, these attributi/'>ns have no 
better success at explaining the difterent behavior of the pulsed fraction at high and low X-ray 
energies. White and Molt ( l‘)8 1 ) attribute the 4.8-hour sinusoidal light curve observed from 
Cyg X-3 to the partial occidtation of an accretion disk corona by a bulge at the edge of the 
accretion disk caused by inateriai inflowing from a binary companion in an orbit of period 4.8 hours. 
The variation in pulsed fraction could then be ascribed in this model to the precession with a 34-<Jay 
perioil of the accretion disk, which would have to be tilted to the orbital plane of the binary. This 
model would once again predict a simultaneous variation of pulsed fraction at all energies. Moilels 
which attribute the 4.8-hour modulation to variations in mass accretion rate caused by the physical 
pulsation of one of the stars in the binary system (Bruhweiler. 1*^731. although not as developed as 
many of du* other models, seem equally unable to c.xplain this phenomenon. 

It is still possible, of course, that the variations in pulsed fraction we observed above .30 keV 
over three separate years have some entirely different mechanism as their cause, and that the 
correlation with the 34. 1 -day ephemeris of Molteni et al. is purely coincidental. In view of the 
importance of the effect, if real, in defining models of the source, further observations of the pulsed 
fraction off yg X-3 above Id keV as a function of 34. Iilay phase are required to confirm or deny 
the reality of the correlation we observe. 
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TABLK II 

Pulsed Fraction, 4.8-hour Modulation, 23-73 keV 


Date 

34. 1 Day Phase* 

n 

Pf 

Phase of Minimum^ 

1975 Nov. 11-17 

0.94-0.14 

<0.39 

0.55 

Nov. 25-27 

0.34-0.41 

0.55 (-K). 18, -0.10) 

0.95 

Nov. 27-Dec. 3 

0.41-0.57 

0.39 (>0.10, -0.16) 

0.15 

Dec. 3-4 

0.57-0.63 

<0.63 

0.34 

|076 Nov. 8-13 

0.59-0.72 

0.46 (+0.10, -0.16) 

0.82 

Nov. 22-30 

0.02-0.25 

<0.25 

0.69 

1977 Nov. 11-17 

0.37-0.57 

0.41 (+0.37,-0.41) 

0.85 


a. Based on P = 34.1 d. To = JD 244 3309.5 (Molteni et al., 1980) 

b. 2 o upper limits 

c. Based on the ephemeris of Parsignault et al. (1976). 
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FIGURE CAPTIONS 


The 23-83 keV counting rate, with background subtracted, observed from Cyg X-3 during 
the times of observation in Table I. The counting rates are plotted as a function of 34.1-day 
phase given by the ephemeris of Molteni et al. (1980). Error bars represent ± one standard 
deviation uncertainties derived from the statistics alone. 

The photon-number spectrum of Cyg X-3 observed 1975 November 15-17, Parametric 
representations ar«. given in Table II. The error bars represent ± one standard deviation 
uncertainties derived from the statistics alone. 

(A) The 23-73 keV light curve of Cyg X-3 observed 1975 November 25-27 (cf. Table II) 
as a function of 4.8-hour phase given by the ephemeris of Pars.gnault et al. ( 1 976). The 
same data are repeated twice for clarity. All phase bins have ± one standard deviation 
uncertainties derived from the statistics alone similar to the error bar shown. 

(B) The same as (A), except for 1975 November 1 1-l V. 
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